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© Process for Incorporating powders into a polymer layer. 



€) The invention relates to a process for uniformty incor- 
porating powders into polymer layers. In the process the 
polymer layer is formed from a monomer solution on an 
electrically conductive substrate by means of electrolysis, 
while simultaneously or prior thereto, under influence of an 
applied force, the powder particles insoluble in the monomer 
solution are passed uniformly from the monomer solution to 
the electrically conductive substrate and subsequently fixed 
there. 
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PROCESS FOR INCORPORATING POWDERS INTO A POLYMER LAYER" 



The invention relates to a process for uniformfy incor- 
porating powders into polymer layers. 

ft is known in the art how to incorporate powders 
niechanically into a polymer or polymer-containing composi- 
tions^ fn doing so tntemal nuxers, extruders, mixing rolls and 
other devices may be used. Of the mixtures thus obtained 
films can be prepared tjy roiling. However, in this operation 
ft is necessary for the thickness of the film to be at least 
greater than or equal to the dimensions of the largest 
powder particles mcorporated- Another disadvantage is that 
very thin layers of the powder-incorporated polymer have 
rrnfe strength so that in further processing they are apt to 
become tom. A further disadvantage may be that the pow- 
der particles are enclosed completely by the polymer matrix 
so that the specific properties of the incorporated powders 
cannot be taken advantage of if such should be desiredl 

According to another known process the polymer or 
the pofymer-forming sutjstance or substances are dissolved, 
or are dispersed together wrth tfie powder, in a alvent and 
this mbcture is applied to the object that is to be covered 
with a powder-containing polymer layer. In doing so a brush 
or roll or spray, among other tilings, is used in the applica- 
tion. By evaporating the solvent, posably followed by or 
with simultaneous polymerization of the polymer-forming 
substances, a powder-containing polymer layer is formed. 
This- layer often varies strongly in thickness. The powder 
particles are generally completely surrounded by polymer. 
Thick layers cannot be properly applied wrth that process, 
because, in consequence of the evaporation of the solvent, 
a continuous film is formed on tiie surface preventing the 
layer underneath from hardening. 

Now a process has been invented to rrteet these 
disadvantages^ The process according to the invention pro- 
vides the possibility of incorporating powder particles into 
polymer layers tiiat may be very thin, to a fraction of the 
dimensions of the powder particle to be incorporated, up to 
a thickness many times the dimensions of the particles to 
be incorporated. 

According to the invention a process for tiie uniform 
incorporation of powders into polymer layers is character- 
ized in that the polymer layer is formed from a monomer 
solution on an electrically conductive substrate by nrteans of 
electrolysis, while simultaneously or prior thereto, under tf\e 
influence of an applied force, the powder particles insoluble 
in the monomer solution are passed uniformly from the 
monomer solution to the electrically conductive substrate 
and subsequently fixed there. 

In patent publication GB 1 ■ 424 617 a process is 
described for depositing a- metal layer containing fluorocar- 
bon polymer particles on a substrate by means of electroly- 
sis. This process results In a metal layer in which polymer 
particles are incorporated. 

Monomers capable of forming polymer layers by 
means of electrolysis are described, inter alia, in Advances 
in F^olymer Sciencer Forta:hritte der Hochpolymeren-For- 
.schung. Volume 9. pp 48-227 (1972), J.W. Brertenbach et 
aL *PoIymerisationsanregung durch Bektrolyse'. 

Special preference is to be given to monomers that 
give rise to the formation of conductive polymer layers, 
becau^ the titickness of these polymer layers may be 
varied within very wide Cmits due to the fact that the 
formation of polymer does not stop as soon as the conduc- 
tive substrate is completely sealed witii the polymer layer, 



but can be continued for a tonger or shorter period as 
desired, because the flow of electrons responsible for the 
formation of tiie polymer is not interrupted by tiie layer of 
polymer formed. 

5 Suitable monomers tiiat give rise to the formation of 

electrically conductive polymer layers include acetylene, 
pyrrole, methylpyrrole, tfiiophene, tiiiazyl and aniRne. 

The choice of the monomer for the formation of tiie 
electrically conductive polymer layer Is determined to a 

10 considerable degree tjy the requirements imposed by tiie 
use of the polymer layer in which the powder is incor- 
porated. Particulariy the medium in and the temperature at 
which the powder-incorporating polymer layer must be ap- 
plied constitute major requirements in this connection. 

15 Monomers for tiie fomiation of the polymer layers are 

understood also to comprise bw-molecular polymeric 
(oligomeric) compounds thereof which do not yet tiehave as 
separate particles in the medium used as solvent 

For the electrically conductive substrate any conductive 

20 material can in principle t)e used. Examples of such materi- 
als are metals, such as iron, titanium, lead, nickeT and 
copper, carix)ns Oke graphite, compounds Dke tungstencar- 
bide and ion-conductive materials, such as ion-exchanging 
membranes. 

25 The electrically conductive substrate may in principle 

be of any shape. Depending on the desired use, tiie person 
skilled in the art win choose tiie most desired shape and the 
most suitable material for the electrically conductive sub- 
strate. Thus, preference is given to the flat smootfi sheet or 

30 cylinder if the powder-containing polymer layer is to t)e 
used as such and for this purpose to be removed from \he 
substrate. However, if the object is to obtain an effective 
surface within the smallest possible volume, a porous, elec- 
trically conductive substrate is preferred. 

35 Solvents suitable for the mcwiomer are polar solvents, 

i.e. solvents in which ions can be formed to fake care of tiie 
electric conductivity. Partiojlarty suitable are non-aqueous 
solvents, such as acetonitrile. Suitable ion-supplying elec- 
trolytes are salts, acids and bases that are inert, Le. not 

40 used up during tiie formation of tiie polymer layer. Depend- 
ing on the polymerization reaction and tiie monomer, tfie 
person skilled tn the art will make his choice from soh^ 
and electrolyte. The electrolysis of a monaner solution also 
containing electrolyte is cam'ed out in an electrolytic ceil of 

45 which one of tiie elctrodes is formed by tiie electrically 
conductive substrate and the counterelectrode or electrodes 
consist of an electronconductrve material which is inert 
under tfie conditions of tiie electrolysis. The chosen polarity 
of the etectrodes is such tiiat the polymerization reaction 

so takes place at the desired electrode. The space between 
tfie electrodes is filled witti tiie electrolyte-containing mon- 
omer solution. 

Particulariy if ttie electnxte serving as substrate is of a 
more complicated shape, the use of a plurality of coun- 

55 terelectrodes is to be preferred in order to achieve a homo- 
geneous current distribution. The electrodes of drffisrent 
polarib'es can be separated from one anotiis- if so desired 
by a diaphragm or ion-exchanging membrane. 

By tfve connection to a vottege source in the external 

60 current circuit a current is sent through the electrolyfic cefl. 
The current d^iaty chosen by the person skilled in tiie art 
win be such that a good uniform polymer layer is obtained 
and no interfering ade reactions occur and is generally 
between O.i and 500 A/m*. preferably between 0.5 and 
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200 A/m* and more specifically between i and 100 A/m». 
In some cases the person skilled in the art will prefer to use 
varying current densities as customary in the electroplating 
industry.* 

The time during which the current is sent through the 
electrolytic ceO is chosen in dependence of the desired 
thickness of the polymer layer and the amperage. The 
amount of the charge passed through per unit of area 
determines, in dependence of the starting monomer, the 
thickness of the polymer layer. Generally a charge of at 
least 1 Coulomb/m^ will have to be passed through, prefer- 
ably at least 10 C. AH this, however depends on the size 
and the shape of the powder particles that are incoporated 
into the polymer layer. 

For a mechanically proper connection of the powder 
particle to be incorporated and the polymer layer, the de- 
sired ratio of the thickness of the polymer layer the partide 
diameter is at least 1 : 10, preferably i : 3 and more 
specificaliy l : 2. 

The powder to be incorporated is deposited from the 
electrolyte-containing monomer solution onto tiie electrode 
serving as the electrically conductive sutjstrate for the poly- 
mer Jayer lo be formed. 

The powder particles can be deposited before as well 
as during the fonnation of the polymer layer. To this end 
the powder particles can be supplied to the electrolyte- 
containing monomer solution before commencement of the 
electrolysis and be passed by means of a constant force to 
the electrode surface before or during the electrolysis and 
be fixed there. In some cases it is an advantage during the 
electrolysis to control the addition of the powder particles to 
the electrolyte-containing monomer solution, so that the 
concentration of particles in the solution remains constant, 
or to cause the particles to be formed homogeneously 
throughout the solution during the electrolysis. 

- Partides can be caused to be formed homogeneously 
throughout the solution by reaction between two substances 
dissolved in the electrolyte-containing monomer solution. 
Preference is given in this process to. applying reactions 
showing a low velocity, so that the partidesr formed are 
small and the rate at which the particles are formed can be 
kept at a constant value for a tonger period of time. 

In order to obtain a regular distribution of ttie powder 
partides it is necessary for ttie speed at which the particles 
are passed to the electrode to be the same over the whole 
surface and for the applied force used to pass the particles 
to the electrode to continue to be active also after the 
partides have reached the surface. The active forces ap- 
pfied may be, inter alia, gravitatibn, centrifugal or centripetal 
forces, when the solution and the powder partides show a 
difference in density, the forces called forth by an electric 
field if \he partwles have a net charge and the forces called 
forth by a magnetic field if the partides show a magnetic 
behaviour. The fines of the forces called forth should tiien 
preferably be perpendicular to the surface of the electrode 
to which the partides are passed. No incorporation of the 
powder partides into the film is obtained if other forces are 
active at the same time causing the pattern of the lines of 
the forces applied to be so disturbed that the resulting force 
component parallel to the plane of the electrode exceeds 
the frictional force, so tiiat transport of the powder partides 
along the electrode surface occurs. Only in case the result- 
ing force component parallel to tiie plane of the electrode is 
of the same magnitude and direction over the whole of the 
electrode surface averaged over a certain time, can a 
uniform incorporation into the film yet be effected. As long 
as the supply of partides is continuous. Such a process. 



however, is more diffiailt to control and will make sense 
only if tine residence times of powder partides at the sur- 
face of the electrode are long enough to give rise to tiieir 
incorporation in the polymer layer. 

5 The concentration of the powder particles in the poly- 

mer solution can be chosen by tiie person skilled in tiie art 
in dependence of the partide size, the desired concentration 
of incorporation and the process conditions and is generally 
between 10 and 10** partides^cnf. preferably between 10' 

10 and 10" and more specifically between 10^ and 10" 
particles/cm^. 

The partide size depends entirely on the materials 
chosen and on tiie desired u^. The lower limit is given by 
tiie size of the smaflest possible metal particles and is about 
75 1.5, 10"' m, the upperiimit is in principle non-existant, but 
will, for practical reasons, usually not be higher than 
SOOum. 

Polyn^er layers with incorporated powders according to 
the invention may be applied, inter alia, in coatings of 
20 electnxles for electrochemical processes and sensors, as 
carriers of catalyst partides in chemical processes, in 
photovoltaic cells, magnetic tapes and electrochromic instru- 
ments. 

The invention is illustrated by means of tiie following 
25 examples and comparati've example. 

Example l 

A small gold cylinder so clasped in a cylindrical poly- 

30 tetrafluoroettiylene (PTFE) holder ttiat a flat side of the gold 
cylinder coinddes witii the fiat side of the PTFE cylinder 
and the cylinder axes of tiie two coincide is placed with its 
exposed cylinder surface up in a container fitting round tiie 
PTFE cylinder, the gold cylinder can be connected with a 

35 cunrent source using a wire at its back. In this container 
some space has been left having the same diameter as tiie 
gold cylinder surface. This space over the cylinder surface, 
which surface Is 0.5 cm*. Is filled witii 500 ul of a 
carbon/electrolyta/monomer suspension in a solvent, which 

40 suspension has been homogenized in an ultrasonic bath for 
5 minutes. Opposite the gold cylinder surface a platinum 
counterelectrode of the same dimensions is placed at the 
top of tiie liquid column. In tiie cell tiius fomied tiie cartoon 
partides are passed under the influence of gravitation to tiie 

45 gold surface and fixed tiiere. Subsequentiy. the electric 
cun-ent is switched oa According to this process tiie fdlow- 
ing compositions of elecfrolyte-containing monomer solu- 
tions witii carbon suspended therein are treated: 

50 Experiment 1 

The suspension contains 0.1 molar LiCIO«, l % (vol) 
pyrrole in acetonltrile and 500 mg/litre activated cartron of 
the firm of Norit grade BRX. The cun-ent is regulated at a 
55 constant anode voltage of 800 mV in respect of a saturated 
calomel electrode. The cunrent is intenrupted after ia mC 
has passed. The amount of current passed through cor- 
responds witii a tiiickness of 0.1 um of the polypyn-oie layer 
formed 

60 A visual inspection of the film shows ttiat tiie carbon 

powder is incorporated in the film and regulariy distributed. 
The adhesion of tiie partides and tiie strength of tfie film 
are such tiiat tiie film-covered electrode can be utilized in 
very strongly agitated solutions. 
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Experan8rTt2 

The same suspension as In experiment 1 is subjected 
for 10 mhiutes to an electrolytic cunrent of l mA. A very 
homogeneous distribution of the carbon particles in the 
potypyrrola layer is obtained. 

Experiment 3 

Under the circumstances of experiment 2 a poiypyrrole 
layer containing carbon particles is fonned. The Noril BRX 
carlwn particles are impregnated with 20 % (vrt) femous 
phthalocyanine. 

Of the gold efectrode covered with a poiypyrrole layer 
containing carbon particles, olrtaned according to experi- 
ment 2 and experiment 3, a cycfovoltammogfamme is taken 
(figure 1) in an oxygen-tree l N H^SO* solution in water. 
The cun/e drawn is characteristic of the electrode covered 
with a film according to experiment- 2, the broken Fine is 
characteristic of the electrode according to experiment 3. 
The dotted curve is characteristic of the electrode covered 
with a poiypyrrole film which has no powder incorporated in 
it 

The differences between these curves deariy show 
that the cartwn provides an effective increase of the elec- 
trode surface and the Fe-phthalocyanine impregnated in the 
cartxin is exposed also on the surface of the polymer layer. 
The fact that the Fe-phthalocyanine retains its (electro)- 
cataiytic properties in the process becomes evident when 
oxygen is dissolved in the 1 N sulphuric acid solution and a 
current-voltage curve is taken. 

Figure 2 shows that the electrode covered with a 
polypynrofe layer in which Fe-phthalocyanine impregnated 
cartxin particles are incorporated shows a far greater actrv- 
ity for the reduction of the oxygen than an electrode cov- 
ered with a poiypyrrole layer in which untreated carbon 
particles are incorporated. Instead of Norit BRX any other 
kind of carbon can be incorporated. If the carbon is impreg- 
nated with other substances, such as phthalocyanine or 
cobalt-phthaiocyanine. comparable results are obtained. 
Measurements in which the electrodes of experiments 2 and 
3 are used as a disc electrode in a rotating ring-disc 
electrode show that about 2/3 of the exposed surface 
consists of incorporated powder. 

^ Comparative example A 

The cylindrical polytetrafluoroethylene (PTFE) holder 
with the gold cylinder from example 1 is now used as 
rotatmg electrode tfiat can rotate freely in a l3eaker filled 
with a suspenson of the composition from experiment l of 
example l. Owing to the rotation of the electrode, the 
su^)ension is agitated, upon which there wiH be a constant 



flux of solution and suspended partcies moving to the 
electrode. The magnitude of this flux d^ends on the speed 
of rotation of thte electrode (the gold cylinder turns round its 
axis in the process). 

5 

Experiment 4- 

Subsequently, an electrolytic current is applied cor- 
rBspondffig with that of e3?)eriment 1 . After a 12 mC charge 

TO has passed, the current is interrupted. On a viajal inspec- 
tion the polymer film fomied on tiie surface of the gold 
electrode is found to' contain hardly any cartwn particles. 

This result can be accounted for by tiie fact as soon 
as the powder particles have reached the electrode, these 

T5 patides are subjected with the solution to a centrrfugal force 
so that they are carried off immediately along the electrode 
surface. 

Experiment 5 

20 

To ttie suspension sodium toluene sulphonale (T 
mM/irtre) is supplied. As a result the carbon particles will 
have a net negative charge, so that in tfie direct vidnity of 
the electrtxJe they will be attracted under the influence of 

25 tine electric field applied. Experiment 4 is repeated. Again 
hardly any carbon particles are found to be incorporated in 
tiie polymer layer. The applied force by which the particles 
are permanently drawn to tiie elctrode surface is apparently 
too small to generate such a frictional force as will be 

30 capable of compensating the centrifugal force resulting from 
the rotation. 

In experiments 4 and 5 the rotational frequency of tiie 
electrode was 1 6 s'\ 

35 Example II 

In an electrolytic cell in which on the bottom a poTished 
flat electrode witti opposite at a distance of 0.5 cm a 
platinum gauze electrode functioning as counterelectrode. 

40 The cell is filled with a su^)ension of a powder (l^ 
• g/ntre) in a solution containing 0.1 mole/LiClOc/iitre and 1 % 
(vol) pyrrole. The suspension has been subjected to ultra- 
sonic homogenization. The electrolytic current is set ait 20 
A/m\ with tiie polidied electrode being connected as an- 

45 ode, the current is intennpted after l hour. During the 
electrolysis the suspension is agitated very uniformly and 
calmly as a result of the gas formed on the counterelec- 
trodOr so that in the course of time a constant deposition of 
the powder present in the suspension is achieved. After l 

50 hour a polymer layer about 0.1 mm tiiick has been fonned. 
The following experiments were made according to this 
example. 
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powder 



solvent 



eLectricalLy conduc- 
tive substrate 



exp. 6 
exp. 7 
exp. 8 
exp, 9 



FeCeOs 

Pb02 

CdS 

azoxytoLuene 



acetonitri Le 
acetonitri Le 
acetonitri Le 
water 



graphite 

Ti 

Pt 

Pt 



The powders in experiments 6 and 7 had a partide size 25 
urn. CdS was prepared by addition of an 0.1 M CdNO, 
solution to a solut'on of 0.1. M NajS in water, the deposit 
was fiitered off. washed with water, dried and ground to 
fineness in a mortar. The azoxytoluene was a trade product 
and was ground to fineness in a mortar alsa 

The films formed in these experiments were examined 
in the following manner. 

Experiment 6 

The colour of the polypyrrale film is found to be reddish 
brown. After removal of the film from the substrate, the 
surface is studied under a ligfit microscope. On the surface 
red particles are found to be present, uniformly distributed. 

A cross section of the layer shows that throughout the 
film red particles are present 

By means of an electron probe microanaiyas the dis- 
tribution of the FeCeOa over the thickness of the polymer 
layer was determined at intervals of lOum. Within the layer 
the composition was found to be very constant 

Experiment 7 

The solution in the electrolytic cell was replaced by 0.5 
M sulphuric acid in water and the electrode covered with 
the polymer layer was connected as cathode for a few 
minutes. 

After this, using a microscope, glittering islets are now 
visible in the reddish brown polymer layer. After removal 
from the substrate, the polymer layer is treated with con- 
centrated nitric acid. The resulting solution Is evaporated 
and subsequentiy 100 ml O.l M hydrochloric acid is added, 
ufKJn which the resulting solution is subjected to a polarog- 
raphic analysis. The polarogramme shows two waves, one 
of whic^ can be attributed to the presence of lead. 

Experiment 8 

The film removed from the substrate is found on micro- 
scopic examination to contain small yellow particles on the 
surface and throughout the thickness. 

By means of the electron microprobe analysis Od is 
demonstrated. 

Experiment 9 

Uang the microscope, small white grains can be ob- 
served throughout the thickness of a cross section of the 
polymer film removed from the substrate. 



Example III 

In the cell of example II a suspension of PbO, (1.33 
g/litre) is brought into an aqueous solution of 2 M HCI and 
1 M aniline. The electrically conductive substrate is gold. 
The electrolytic current is set at 20 A/nf. 

The current is interrupted when the polymer layer 
formed is about 1 um. thick. 

The film formed has a deep brown colour, unlike a film, 
of poiyaniline only, which is green. 

By means of an electron probe microanalysis the pres- 
ence of lead is demonstrated on the polymer layer after the 
latter has been thoroughly washed and subsequently dried. 

Example IV 

In the realization of example III thiophene is now dis- 
solved instead of aniline. 

An analysis witii the electron microprobe again dem- 
onstrates tile presence of lead on the polymer film. 

In example III as well as IV the film on the substrate is 
analysed after tiiorough washing and drying. 

Claims 



1. Process for tiie unifonm incorporation of powders into 
polymer layers, characterized in that the polymer layer is 
formed from a monomer solution on an electrically conduc- 
tive substrate by means of electrolysis, while sirnuttaneousty 
or prior thereto, under tiie influence of an applieij force, the 
powder partides insoluble in the monomer solution are 
passed uniformly from the monomer solution to the elec- 
trically conductive substrate and subsequently fixed ttiere. 

2. Process according to claim 1, characterized in Vhax the 
applied force is chosen from the group of gravitation, a 
centrifugal or centripetal force, a force called forth by a 
magnetic field, a force called forth by an eietric field or a 
combination of two or more of these forces. 

3. Process according to any one of claims 1-2, character- 
ized in that the powder particles are replenished in the 
solution during the formation of the polymer layer. 

4. Process according to claim 3, characterized in tiiat the 
powder partides are caused to be fomried in tiie solution 
during the formation of ttie polymer layer. 

5. Process according to any one of daims 1-4, character- 
ized in tiiat the polymer layer formed is electricany conduc- 
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Ifve. 

6. Process accortfing to daim 5, characterized cn that the 
monomer used m acetylene, pyrrole, an N-alkyI pyrrole, 
thiophene, ihiazy! or aniline. 

7. Process according to any one of claims 1-6, character- 
ized^ in that the incorporated powder has catalytic properties. 

8. Process according to daim 7, characterized in that the 
powder is incorporated sut)stantiaHy at the exposed surfece 
of the polymer film. 



9. Process according to any one of claims 1-8, character- 
ized in that the electrically conductive substrate is fiarmed 
by a metal, cartxm or an ton-conducive material. 

5 10. Process according to any one of daims 1-9, character- 
ized in that the thickness at the polymer layer is at least 
one tenth of the diameter of the partides. 

11. Products in which polymer layers with rncorporatKi 
TO powder partides obtained according to the process of any 
of claims 1-10. 
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Detailed Description Text - DETX (13) : 

Transfer and fusing station 60 is designed to provide 
the type of thermal 

efficiency required in high speed copying systems if large 
amounts of power are 

to be avoided. Intermediate transfer belt 61, for example 
is fabricated from 

appropriate materials in relatively thin layers to provide 
the belt with a low 

heat capaci|:y, i.e., below about 3.1 .times. lO.sup.- 
.sup.3 cal ./cm. .sup.2 

/. degree. C. Additionally, heat absorption in the substrat 
for belt 61 can be 

eliminated or substantially diminished by coating it with 
thin reflecting 

layer such as- aluminum. The transfer surface of belt 61 
can be formed from 

many materials, the preferred materials being silicone 
rubbers such as General 

Electric RTV 615 or Dow Corning 3140 and certain 
f luoroelastomers . A typical 

belt is comprised of a polyimide substrate of 0.5-5 mils 
coated with a 

reflecting layer of aluminum about 300 angstroms thick and 
a silicone rubber 

transfer surface 0.1-10 mils thick. Suitable transfer 
belts are described in 

detail in our copending application Ser. No. 403,696, 
filed Oct. 4, 1973, the 

teachings of which are hereby incorporated by reference. 



